A BONE graft transferred with its blood vessels is ideal for replacing large bone defects. The viability of the graft bone is preserved, converting a bone defect into the equivalent of two fractures. Healing is rapid, which is an advantage when long grafts are used and there is appreciable instability. The graft can immediately begin responding to stress by hypertrophy. 4' 5 Viable strong cortical bone can be transferred, an obvious advantage in strength of reconstruction? ~ The use of a vascularized fibular graft to replace the excised vertebral bodies of C-3, C-4, and C-5 when severe instability existed is described.
Case Report
This 24-year-old man was first seen at the Lahey Clinic in early 1986. In 1977, at the age of 15 years, he had presented elsewhere with a spastic triparesis, nystagmus, and diplopia. Results of radiography of the cervical spine at that time were normal. Cervical myelography demonstrated an Arnold-Chiari malformation with tonsillar herniation at the C-1 to C-2 level. His neurological condition improved after cervical laminectomy. In 1982, he noticed increasing spasticity, especially in the right leg, and numbness of the chest and shoulders. A plain film of the cervical spine showed anterior vertebral wedging with degenerative arthritis between C-2 and C-4 with a reversal of the cervical lordosis. Another posterior cervical operation consisting of intradural exploration and duroplasty was performed in June, 1982 . No specific pathological process was found. After the operation, the patient was unchanged neurologically.
In October, 1982, the kyphotic deformity was such that the patient was placed in halo traction, and an anterior fusion of the C-3, C-4, and C-5 vertebrae with iliac crest bone was carried out. No improvement in the kyphosis was possible.
Examination. The patient presented at the Lahey Clinic in February, 1986, complaining of progressive right-sided weakness, numbness, and general spasticity. On examination, he had no evidence of cranial nerve dysfunction. He had general spasticity with a spastic gait and weakness in the right arm and leg. Deep-tendon reflexes were brisk. Bilateral ankle clonus and bilateral Babinski signs were present. Results of the sensory examination were normal. Radiography of the cervical spine demonstrated the kyphotic deformity with anterior bone fusion (Fig. 1 left) . Magnetic resonance (MR) imaging showed marked kyphosis and severe spinal cord attenuation at C-2 to C-6 ( Fig. 1 right) .
First Operation. In June, 1986, because of the patient's neurological deterioration, the vertebral bodies of C-3, C-4, and C-5 were excised and replaced with a vascularized fibular graft. Before surgery, the patient was placed in a halo traction ring and the posterior part of the halo traction vest. The incision was made along the anterior border of the sternocleidomastoid muscle. The recurrent laryngeal, superior laryngeal, and hypo- glossal nerves were identified and spared. The vertebral bodies from the inferior endplate of C-2 to the superior endplate of C-6 were removed with a high-speed drill, whereupon the dura expanded into the bone defect. Simultaneously, a 10-cm fibular graft with its blood supply was harvested. The graft was appropriately tailored and keyed into slots in C-2 and C-6, then held in place with heavy sutures placed through holes drilled in C-2 and C-6. Microvascular anastomoses were then performed using the superior thyroid artery and the external jugular vein. After the operation, the patient was fitted into the anterior portion of the halo vest. Radiography after the operation revealed that the upper portion of the graft had broken free, probably due to movement during placement of the anterior portion of the vest (Fig. 2) . A computerized tomography (CT) scan demonstrated the extent of vertebral resection (Fig. 3) .
Second Operation. Reoperation to improve fixation was performed 8 days after the initial procedure. The suture holding the upper portion of the fibula had torn out of the C-2 body. The graft was stabilized proximally and distally with stainless steel plates and screws (Fig.  4) . At this repeat operation, the pulsating vascular pedicle was visualized, and normal bone bleeding from drill holes in the fibula was observed.
Postoperative Course. After the operation, the patient was kept in bed for 1 month and in halo traction for 4 months. Radiography in flexion and extension of the cervical spine after removal of the halo traction showed that the C-2 to C-6 vertebral segment moved as one block. Formation of callus was seen at both "fracture lines," representing bone union. Although an avascular graft would have appeared dense in comparison with the surrounding osteoporotic bone, the vascularized graft demonstrated osteoporosis after the period of recumbency and stress shielding with halo traction.
Removal of halo traction and mobilization were carried out 4 months postoperatively, after which return of bone density and even hypertrophy were seen (Fig.   5 left) . Postoperative MR imaging showed excellent decompression of the spinal cord (Fig. 5 right) . 
Discussion
Materials available for vascularized bone grafts include rib, iliac crest, and fibula. Rib is not strong, and iliac crest is irregular and lacks a reliable nutrient foramen; however, the fibula provides a straight tubular bone with a strong cortex. It has a reliable nutrient vessel and periosteal blood supply, and it can be used to replace bone defects as long as 20 cm. ~,2,4,5,~ Incorporation of a nonvascularized bone graft depends on the simultaneous resorption of the graft and the formation of new bone by resorption and regeneration --that is, "creeping substitution. "2 Osteoclasts penetrate and remove the graft bone and permit viable bone to be formed in its place by osteoblasts. Bone strength is diminished during this revascularization, which takes place more quickly in cancellous than in dense cortical bone.
The vascular supply to the fibula is from the peroneal artery. 5 McKee and associates 7 demonstrated that 96% of the nutrient foramen is located in the middle third of the shaft of the fibula (Fig. 6) . The patency of the microanastomosis can be followed after operation by bone scintigraphy using technetium-99m monodiphosphate. Alternative monitoring techniques, such as implanted Doppler or thermocouples, are also available. ~0 Radiography in the late postoperative period will demonstrate healing of the two "fracture lines." Subperiosteal new bone formation from the revascularized fibular periosteum and gradual cortical hypertrophy in response to loading stress are features of a revascularized graft.
It has been stressed that rigid stabilization is necessary to ensure maintenance of graft position during heal- ing. 5'9'~2 If immobilization using halo traction is inadequate, hardware must be used.
In a short report, Yoshizu, et al., ~2 described the use of vascularized fibula as an anterior strut graft from C-6 to T-10 in a patient with kyphoscoliosis secondary to tuberculosis. In another patient with neurofibromatosis and kyphoscoliosis, a vascularized graft extending from C-7 to T-9 was placed after conventional grafting with iliac crest and rib had failed. Hubbard, et al., 6 used a vascularized fibular graft from T-11 to L-4 to stabilize kyphosis caused by trauma, which was centered at L-2. Angiography performed 3 months after operation showed patency of the peroneal vessels to the graft. The use of a nonvascularized fibular strut to replace cervical spine bone invaded with tumor was reported by Conley, et al.,3 and Whitecloud and LaRocca. ~ Both groups stressed the value of the fibula as a rigid, strong graft. Rossier and coworkers 8 described the use of a free nonvascularized fibular graft to bridge one-segment fractures. At autopsy of one of these patients who died 6 months after operation, the ends of the fibula had united and were vascularized although the central portion remained avascular.
